Gastrulation in rabbit blastocysts depends on insulin and insulin-like-growth-factor 1.
Insulin and insulin-like-growth-factor 1 (IGF1) are components of the uterine secretions. As potent growth factors they influence early embryo development. The underlying molecular mechanisms are largely unknown. Here we report on the effects of insulin and IGF1 on early gastrulation in rabbit blastocysts. We have studied blastocysts grown in vivo in metabolically healthy rabbits, in rabbits with type 1 diabetes and in vitro in the presence or absence of insulin or IGF1. Embryonic disc morphology and expression of Brachyury, Wnt3a and Wnt4 were analysed by qPCR and IHC. Pre-gastrulated blastocysts (stage 0/1) cultured with insulin or IGF1 showed a significantly higher capacity to form the posterior mesoderm and primitive streak (stage 2 and 3) than blastocysts cultured without growth factors. In gastrulating blastocysts the levels of the mesoderm-specific transcription factor Brachyury and the Wnt signalling molecules Wnt3a and Wnt4 showed a stage-specific expression pattern with Brachyury transcripts increasing from stage 0/1 to 3. Wnt4 protein was found spread over the whole embryoblast. Insulin induced Wnt3a, Wnt4 and Brachyury expression in a temporal- and stage-specific pattern. Only blastocysts cultured with insulin reached the Wnt3a, Wnt4 and Brachyury expression levels of stage 2 in vivo blastocysts, indicating that insulin is required for Wnt3a, Wnt4 and Brachyury expression during gastrulation. Insulin-induced Wnt3a and Wnt4 expression preceded Brachyury. Wnt3a-induced expression could be depleted by MEK1 inhibition (PD98059). Involvement of insulin in embryonic Wnt3a expression was further shown in vivo with Wnt3a expression being notably down regulated in stage 2 blastocysts from rabbits with type 1 diabetes. Blastocysts grown in diabetic rabbits are retarded in development, a finding which supports our current results that insulin is highly likely required for early mesoderm formation in rabbit blastocysts by inducing a distinct spatiotemporal expression profile of Wnt3a, Wnt4 and Brachyury.